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RESEARCH HIGHLIGHTS

The findings of a study by Richard 
Flavell and colleagues provide 
evidence of a link between 

inflammasomes, the gut microbiota and 
NAFLD (the hepatic manifestation of 
metabolic syndrome).

Inflammasomes—proinflammatory 
multiprotein complexes consisting of 
a Nod-like receptor (NLR) protein or 
a PYHIN protein—sense pathogen-
associated molecular patterns (PAMPs) 
or damage-associated molecular patterns 
(DAMPs) and are key to the production  
of the proinflammatory cytokines IL-1β 
and IL-18. 

Reactive oxygen species (ROS) 
are known to activate the NLRP3 
inflammasome and their generation is 
triggered by many DAMPs. Given the 
role of increased ROS generation as a 
proinflammatory insult in the progression 
of NAFLD, Flavell and colleagues 
proposed that inflammasome-dependent 
processing of IL-1β and IL-18 could be 
important in this disease.

In addition, previous work by Flavell’s 
team had demonstrated that deficiency 
in the components of the NLRP6 
inflammasome conferred mice with a 
dysbiotic and colitogenic microflora 
that could be transmitted to co-housed 
wild-type mice and induce IBD. With 
this finding in mind, the researchers 
also wanted to determine whether the 
microbiota has a role in the pathogenesis 
of NAFLD. 

“Given the close anatomic association 
between the liver and intestines and the 
known clinical associations between gut 
inflammation and chronic liver disease 
(for example, between IBD and primary 
sclerosing cholangitis), we decided to test 
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the hypothesis that dysbiosis associated 
with inflammasome deficiency regulates 
hepatic inflammatory processes in the 
context of liver steatosis,” explains Flavell. 
“These studies were then expanded to 
other metabolic-syndrome-associated 
abnormalities.” 

The researchers used three small 
animal models of NAFLD/NASH—the 
methionine choline deficient diet, the 
genetic leptin receptor deficiency steatosis 
model and the high fat diet—and a total 
of 20 genetically modified mouse strains 
to dissect the role of inflammasomes in 
disease progression and characterize the 
phenotype and mechanism involved. 

By co-housing inflammasome-deficient 
mice with wild-type mice for prolonged 
periods of time, such that there was 
complete transfer of dominant microbiota 
between the mice, the team were able to 
gauge the contribution of the microbiota 
to the phenotype. Culture-based and 
non-culture-based methods (including 
16S ribosomal DNA analysis) allowed the 
contribution of specific components of the 
microbiota to be determined. 

“Our most striking finding is that the 
NLRP6 and NLRP3 inflammasomes, 
through activation of the effector protein 
IL-18, negatively regulate NAFLD/
NASH progression, as well as multiple 
aspects of metabolic syndrome via a cell-
extrinsic effect of modulation of the gut 
microbiota,” says Flavell. 

The team also found that changes in 
the composition of the gut microbiota 
caused the portal circulation to be 
flooded with Toll-like receptor (TLR)4 
and TLR9 agonists, which enhanced the 
hepatic expression of tumor necrosis 

factor, exacerbating steatosis and 
inflammation and driving the progression 
of NAFLD/NASH. 

Interestingly, steatosis and obesity were 
exacerbated in wild-type mice that were 
co-housed with inflammasome-deficient 
mice. In both the inflammasome-deficient 
mice and the co-housed wild-type 
mice, members of the Prevotella and 
Porphyromonadaceae families were 
expanded. Flavell notes, however, that 
the expansion of these families in the 
wild-type mice was in the setting of 
diet-induced metabolic syndrome.

“We provide, for the first time, a 
mechanism by which altered signaling 
by two major innate sensing pathways 
(TLRs and NLRs) can jointly drive 
metabolic liver disease progression,” says 
Flavell. “Furthermore, our results may 
offer one explanation as to why many 
treatments for NASH have failed to yield 
beneficial effects on disease progression 
and outcome.”

Although Flavell recognizes the 
technical complexity of the human studies 
that lie ahead, he says “We think the next 
step forward is to determine whether 
specific changes in the gut microbiota are 
associated with different rates of NAFLD 
progression in subgroups of susceptible 
human patients.” He also believes that 
regulation of the intestinal microbiota 
could lead to potential therapies in the 
near future.
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NASH severity is increased in mice deficient in Asc (ASC is an inflammasome adaptor protein) or IL18 and can be transmitted to  
co-housed wild-type mice. Hematoxylin and eosin-stained liver sections from wild-type mice (WT), wild-type mice co-housed with 
Asc–/– mice (WT(Asc–/–)) or with Il18–/– mice (WT(Il18–/–)), and Asc–/– mice or Il18–/– mice co-housed with WT mice (Asc–/–(WT) and 
Il18–/–(WT)). Arrowheads indicate inflammatory foci. Scale bar = 200 µm. © Henao-Mejia, J. et al. Nature doi:10.1038/nature10809

‘‘...our results may offer one 
explanation as to why many 
treatments for NASH have failed 
to yield beneficial effects...’’
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